Objective: To fully understand the sugar-sweetened beverage (SSB) consumption status among Chinese young children and to explore its association with weight gain. Design: In this cross-sectional study, data on sociodemographic characteristics, SSB intake and weight/height were collected by means of face-to-face interviews. The intake of SSB among young Chinese children in relation to their age, different characteristics and types of SSB consumed is described, and the association between SSB intake and BMI-for-age Z-score and overweight is explored. Setting: Seven large cities and two villages in China. Subjects: Nine hundred and forty-six healthy children, aged 3-7 years. Results: The proportion of SSB intake among Chinese young children was 80·5 %; 3·4 % were daily consumers, 34·0 % (31·4 %) consumed at least once per week (month). The per capita and per consumer SSB intake was 63·1 9 (SD 100·8) and 78·4 (SD 106·9) ml/d. Children from rural areas consumed twice, or even triple, the amount of SSB as those from urban areas (P < 0·001) and great disparities existed between the types of SSB consumed by urban and rural children. An association was found between increased SSB intake and higher BMI-for-age Z-score (P < 0·05) after adjusting for potential confounders; there was also an association between SSB intake and increased risk of being overweight or obese. Conclusions: The consumption status of SSB in Chinese young children is of concern. There was a positive association between SSB intake and weight gain. Measures should be taken to improve the present situation of SSB consumption among Chinese young children. . This reflects the increasing trend in China; from 1981 to 2010, the prevalence of overweight and obesity among children increased from 1·8 (95 % CI 0·4, 3·1) % and 0·4 (95 % CI −0·1, −0·8) % respectively in 1981-1985, to 13·1 (95 % CI 11·2, 15·0) % and 7·5 (95 % CI 6·6, 8·4) % respectively in 2006-2010. The average annual increase was 8·3 and 12·4 %, respectively (2) . Overweight and obesity in the paediatric population has attracted much attention because of its persistence into adulthood (3) and short-and long-term adverse health consequences (4) . The reasons for overweight and obesity are complex, comprising the interplay of genetic, behavioural and environmental influences on metabolism, diet and activity. Nowadays, multiple sources have noted that the trends towards increasing overweight and obesity rates worldwide have paralleled an increase in sugar intake from food (5, 6) . One common source of excess sugar consumption is sugar-sweetened beverages (SSB), such as carbonated drinks, fruit and/or vegetable drinks and tea. The relationship between SSB intake and overweight and obesity has been widely studied; however, the evidence is still insufficient to produce a definitive conclusion.
There has been a dramatic rise in the number of children who are overweight. According to the 2013 UNICEF, WHO and World Bank estimates, between 2000 and 2013 the number of overweight children worldwide increased from 32 million to 42 million. The prevalence of childhood overweight is increasing in all regions, particularly in Africa and Asia. Between 2000 and 2013, the prevalence of overweight in children under 5 years of age increased from 3 to 7 % in South-East Asia (1) . This reflects the increasing trend in China; from 1981 to 2010, the prevalence of overweight and obesity among children increased from 1·8 (95 % CI 0·4, 3·1) % and 0·4 (95 % CI −0·1, −0·8) % respectively in [1981] [1982] [1983] [1984] [1985] , to 13·1 (95 % CI 11·2, 15·0) % and 7·5 (95 % CI 6·6, 8·4) % respectively in 2006-2010. The average annual increase was 8·3 and 12·4 %, respectively (2) . Overweight and obesity in the paediatric population has attracted much attention because of its persistence into adulthood (3) and short-and long-term adverse health consequences (4) . The reasons for overweight and obesity are complex, comprising the interplay of genetic, behavioural and environmental influences on metabolism, diet and activity. Nowadays, multiple sources have noted that the trends towards increasing overweight and obesity rates worldwide have paralleled an increase in sugar intake from food (5, 6) . One common source of excess sugar consumption is sugar-sweetened beverages (SSB), such as carbonated drinks, fruit and/or vegetable drinks and tea. The relationship between SSB intake and overweight and obesity has been widely studied; however, the evidence is still insufficient to produce a definitive conclusion.
For example, in their systematic review on the association between SSB consumption and risk of obesity, Trumbo and Rivers found that the results (adjusted for energy intake and physical activity) were inconsistent for the evaluated groups of children, adolescents and adults (7) . Similar results were obtained from other studies and reviews (8, 9) . Furthermore, Forshee et al. in their quantitative meta-analysis and qualitative review, based on the current body of scientific evidence, found the association between SSB consumption and BMI was near zero (10) . However, several other studies and reviews reported a positive relationship between SSB intake and weight gain (11, 12) ; for example, Ludwig et al. concluded that, for each additional serving of SSB consumed, both BMI and frequency of obesity (OR = 1·60; 95 % CI 1·14, 2·24; P = 0·02) increased after adjustment for anthropometric, dietary, demographic and lifestyle factors (13) . Similarly, DeBoer et al. found that higher rates of SSB consumption were associated with higher BMI Z-scores among children aged 4 years (P < 0·05) and 5 years (P < 0·001). Children aged 5 years who drank SSB regularly had a higher odds for being obese compared with infrequent or non-drinkers (OR = 1·43; 95 % CI 1·10, 1·85; P < 0·01) (14) . In China, studies on the relationship between SSB intake and overweight/obesity are limited and most of them have focused on adults; little is known about the SSB intake among young children (15) (16) (17) . Furthermore, with the development of urbanisation, increasing numbers of children in rural areas are becoming overweight or obese. From 1991 to 2000, urbanisation was strongly and positively associated with increased BMI, but from 2000 to 2011 the overweight/obesity trends became more similar across rural and urban areas (18) . The data are limited on whether there is a difference between urban and rural children regarding SSB intake.
We performed the present study to: (i) establish the consumption status of SSB among young children in urban and rural areas in China, and the differences between them; and (ii) investigate the relationship between SSB intake and overweight/obesity among young Chinese children.
Materials and methods

Study sample
Data for the present study were collected between November 2011 and April 2012 from healthy pre-schoolers in China, and included a total sample of 1055 children aged 3-7 years. A multistage, stratified, cluster sampling method was used. First, considering specific geographic location and economic status, seven cities were selected, including Beijing, Suzhou, Guangzhou, Zhengzhou, Chengdu, Shenyang and Lanzhou, and two villages including one in a flat and another in a mountainous area, both located in Xingtai, Hebei Province. Second, one large kindergarten located in each city or village was selected randomly. Third, in each selected kindergarten, one bottom, one middle and one top class were selected randomly; all individuals within the classes were selected for the survey.
The inclusion criteria were healthy children aged 3-7 years old; the exclusion criteria were: (i) reported birth defects including congenital heart disease, hydrocephalus or deformity at birth; (ii) reported infantile paralysis and thalassaemia; and (ii) acute health problems including cold and diarrhoea at the time of sampling.
All 1055 healthy pre-schoolers participated in our survey. Ninety-one participants did not finish the beverage intake questionnaire, twelve did not provide information on sex, four did not provide their height and weight data, and two had a BMI above 50 kg/m 2 . These preschoolers were excluded. Consequently, a final total of 946 participants were included in the present research.
Sociodemographic characteristics, dietary habits and anthropometry
After determining eligibility, a research assistant contacted families and arranged a meeting with parents for a faceto-face interview. Sociodemographic information was collected from the parents by means of a structured questionnaire, administered by trained interviewers. Demographic data included the child's date of birth, sex, ethnicity and parents' educational level -(i) illiteracy; (ii) primary school; (iii) middle school; (iv) senior high school; (v) college; (vi) graduate or above -as well as family income (per capita monthly income) -(i) below 2000 Yuan; (ii) 2000-4000 Yuan; (iii) 4000-8000 Yuan; (iv) above 8000 Yuan. Parents' body weights and heights were self-reported from the interview.
Dietary habits affect the selection of foods and hence may influence children's growth and development. In the present research, picky eating behaviour and meals outside the home particularly attracted our attention. We defined a picky eater as a child who consumed an inadequate variety and amount of food(s) through rejection of foods that were familiar (and unfamiliar) to them. The definition was provided to parents before the picky eating assessment and parents' perceptions were used to judge if their child was a picky eater. They were asked 'Do you consider your child as having picky eating behaviour at present?' Possible answers were 'yes' and 'no'. In the meals outside the home section, parents were asked 'On average, how many times do you take your child to eat outside every week?' Possible answers were '0', '1 time', '2 times' and '3 or more times'.
All anthropometric measurements were performed by trained investigators following standardised procedures (19) . The child's weight with light clothes was measured to the nearest 0·1 kg on a calibrated electronic scale (EKS 7028; Beaver International Holding Ltd, Hong Kong, China) and standing height was taken to the nearest 0·1 cm using a calibrated height measuring tape (SECA 206; SECA Ltd, Hamburg, Germany) suspended from the wall. All physical measurements were measured three times continuously and the mean values were used.
Beverage consumption A beverage intake frequency questionnaire was provided to obtain information on the children's consumption of beverages. Each beverage was categorised based on nutrient content and on China's Beverage General Rule (GB10789-2008). Fourteen broad beverage categories were used: (i) whole milk; (ii) skimmed/low-fat milk; (iii) yoghurt; (iv) lactobacillus beverage; (v) milk beverage (such as Nutrition Express); (vi) plant protein beverage; (vii) carbonated beverage; (viii) 100 % fruit or vegetable juice; (ix) fruit and/or vegetable beverage; (x) packaged drinking water; (xi) tea; (xii) tea beverage; (xiii) coffee beverage; and (xiv) sports/energy drinks (such as Mizone). Parents were asked by trained investigators how often (never, every half year, every month, every week or every day), how many times and how much amount, of the specific groups of beverage their child had consumed during the preceding half year.
We investigated only the non-diary sugar-sweetened beverages in the present study.
Definitions
Since there is no unified definition of SSB, in the present research we took into account the classification of SSB presented in other documents (14, 20, 21) and consumption habits in China. An SSB was clarified as being a carbonated beverage (e.g. Coke, Pepsi or Sprite); a vegetable-or fruit-flavoured beverage that was not 100 % fruit or vegetable juice; a tea beverage (e.g. iced tea, Jiaduobao); and sports/energy drinks. The children's BMI was calculated as mass in kilograms divided by the square of height in metres (kg/m 2 ). Z-scores for BMI-for-age of the children were obtained using the software WHO Anthro (22, 23) . Overweight and obesity was defined using WHO standards. For children under 5 years, a BMI-for-age Z-score above +2 but below or equal to +3 was classified as overweight. Obesity was defined as BMI-for-age Z-score above +3 (24) . For children aged above 5 years, overweight was classified as BMI-for-age Z-score above +1 but below or equal to +2. Obesity was defined as BMI-forage Z-score above +2 (25) . Regarding the parents, overweight was defined as BMI greater than or equal to 25·0 kg/m 2 .
Statistical analysis
All statistical analyses were performed using the statistical software package IBM SPSS Statistics Version 19. Continuous variables were presented as mean and standard deviation. Differences in the proportions of SSB consumption between groups by subject characteristics were analysed by the χ 2 test, and the t test or one-way ANOVA (Mann-Whitney U test or Kruskal-Wallis H test for nonnormally distributed data) was used to test differences in the amount of SSB intake between groups by subject characteristics. Using multivariable linear regression models, we explored the association of different levels of SSB intake and BMI Z-score, and logistic regression models were used to examine the odds of SSB consumers being overweight or obese. A P value of <0·05 was considered significant.
Results
A total of 946 young children from seven cities and two villages in China were included. The average age of the children was 4·84 (SD 0·89) years; 190 were aged 3-3·9 years, 337 were aged 4-4·9 years, 299 were aged 5-5·9 years and 120 were aged 6-7 years; 493 (52·1 %) were boys; and 721 (76·2 %) were from urban areas.
Social factors and sugar-sweetened beverage consumption Tables 1, 2 and 3 show the consumption of SSB among young Chinese children, by age, according to different characteristics. The total percentage of SSB consumption was 80·5 % during the half year preceding the study. Among all consumers, 3·4 % consumed SSB at least once daily, 34·0 % at least once weekly, 31·4 % at least once monthly and 11·8 % at least once biannually. Per capita and per consumer SSB intake was 63·1 (SD 100·8) and 78·4 (SD 106·9) ml/d, respectively. There were no significant differences between the different age groups regarding the percentage of SSB consumption, per capita and per consumer SSB daily intake (P = 0·688, 0·209 and 0·239, respectively).
Among all the studied children, sex, child's area, picky eating behaviour, parents' education level and family income were important factors associated with children's SSB consumption status. There was no significant difference in the percentage of boys and girls consuming SSB. However, compared with girls, the amount of SSB consumed by boys was much larger. Concerning child's area, it was clearly seen that children from rural areas consumed nearly twice the amount of SSB as those from urban areas. Children with a picky eating habit consumed more SSB than those who were not picky. Parents' education level was relevant; children consumed less SSB if their parents' education level was higher.
In different age groups, children's area and parents' education level were the most important factors that influenced children's SSB consumption. Among all the age groups, children from rural areas consumed nearly twice -and even triple, in the case of 3-year-old children -the amount of SSB as those from urban areas.
The higher the parents' education level, the less SSB children consumed.
Types of sugar-sweetened beverages consumed
Among all SSB consumers, carbonated beverages accounted for 22·3 % of all four kinds of SSB; the proportions for tea beverages, vegetable/fruit-flavoured beverages and sports/energy drinks were 42·1, 13·8 and 21·9 %, respectively. Figures 1, 2 and 3 show the types of SSB consumed by children according to area, age and sex. Tea beverages were popular among children from rural areas, where they accounted for more than half (62·0 %) of all four kinds of SSB, while the corresponding percentage among children from urban areas was 29·1 %. Vegetable/fruit-flavoured beverages were much more popular among urban children, accounting for almost a third of all SSB, while the corresponding percentage among rural children was less than 10 %.
Among different age groups, there was a trend to consume more energy and carbonated beverages, but less tea, with increasing age. The types of SSB consumed by boys and girls were very similar. The most consumed were tea beverages, followed by carbonated beverages, vegetable/ fruit-flavoured beverages and sports/energy drinks.
Sugar-sweetened beverage intake and BMI Z-score/ overweight and obesity The average BMI-for-age Z-score of the total study population was 0·18 (SD 1·64), with children from urban areas having a much higher Z-score than those from rural areas (0·34 (SD 1·70) v. −0·34 (SD 1·30); P < 0·001). The total prevalence of overweight and obesity was 11·3 %; the corresponding morbidity was 13·9 and 3·1 % among urban and rural areas, respectively (P < 0·001).
Using linear regression, an increasing quantity of SSB consumption was found to be associated with higher BMIfor-age Z-score, after adjustment for multiple potential confounders (Table 4) . To make this finding more comparable with international results, we set 240 ml (about 8 oz) increments; additionally, taking into account that the results of our own study showed that the mean intake amount of SSB was relatively small, we also set 50 ml increments. Table 5 shows the results of SSB consumption and the odds of being overweight or obese. Consumers of SSB had a higher risk of being overweight or obese compared with non-consumers, after adjustment for multiple potential confounders.
Discussion
To the authors' knowledge, the present study is the first to report the SSB consumption among 3-7-year-old children in China. Our study produced three main findings. First, a particularly high percentage of young children consumed SSB, although the intake amount was relatively small. Second, the children's area (urban or rural) and parents' education levels were the most important factors that impacted the SSB consumption status of children; area affected not only the intake amounts, but also the types of SSB were also significantly different. Third, a positive association was found between SSB intake and weight gain.
Among the whole study population, more than fourfifths (80·5 %) had consumed SSB during the preceding half year; 35·4 % consumed SSB at least once weekly and 3·4 % at least once daily. These results are similar to those obtained by Huang et al. (15) who, in a study of SSB intake and obesity among urban residents in 2010, showed that about a third (27·2-33·2 %) of teenagers consumed SSB at least once weekly. Similarly, in a report by the Chinese Center for Disease and Prevention, 3·9 % of adults from nine provinces consumed SSB daily in 2009 (16) . However, children from developed countries consume SSB heavily in comparison to Chinese children. For example, 13·7-15·7 % of children aged 2-5 years were daily SSB consumers in Canada in 2002 (26) ; and in the USA, 9·3 % drank more than one serving (about 240 ml) daily at 2 years, 13·0 % at 4 years and 11·6 % at 5 years of age (14) On the basis of the 2009-2010 US National Health and Nutrition Examination Survey, energy intake from SSB was 289 kJ/d, which was equivalent to approximately 180 ml of soda among children aged 2-5 years on a given day (27) . In our study, the per capita/consumer SSB intake was only 63·1 (SD 100·8)/78·4 (SD 106·9) ml/d.
Compared with developed countries, China had a relatively lower consumption level; however, this should not lead to complacency, for the following reasons. First, SSB are high in energy and low in nutrition, which is unhealthy for growth and development. A high intake of SSB may lead to an unbalanced diet. Keller et al. (28) noted that SSB consumption was negatively correlated with both milk (P < 0·01) and Ca (P < 0·01) intakes, and these relationships remained after controlling for age, sex and ethnicity (P < 0·01). Furthermore, Frary et al. (29) reported that SSB and other sweets decreased the likelihood of meeting the Dietary Reference Intakes for Ca, folate and Fe; only children who were non-consumers of SSB had a mean Ca intake that met the Adequate Intake recommendation. Furthermore, increased SSB intake is considered to be independently associated with dental caries (30) , cardiometabolic markers such as increased C-reactive protein concentrations (P = 0·003) and decreased HDL cholesterol concentrations (P < 0·001) in young children (31) . Other reviews synthesised the evidence in adults and showed effects of SSB on CVD and metabolic syndrome/type 2 diabetes, making it reasonable to speculate that effects on intermediate outcomes may lead to insulin resistance, diabetes and dyslipidaemia in children (32) . Second, it is important to note that young children are going through a special period of life, wherein food preferences and eating patterns developed in early childhood appear to continue into adolescence and adulthood (33) . Higher SSB intake in children in the present study was associated with various characteristics such as sex, child's area (urban or rural), picky eating behaviour, parents' education and BMI, and family income. Among all the factors, area and parents' education level were the most important. The amount of SSB intake of boys was higher than that of girls (72·6 (SD 118·5) v. 52·8 (SD 75·9) ml/d; P < 0·05), which is comparable with previous results (28) . Among the different age groups, a significant difference between boys and girls existed only in the 3-3·9 year age , tea beverages; , sports/energy drinks; , vegetable/fruit-flavoured beverages) consumed, according to sex, by young Chinese children (n 946) aged 3-7 years from seven large cities and two villages in China, November 2011-April 2012 group. Children with a picky eating habit had a much higher intake of SSB; a possible reason for this may be that parents were inclined to gratify the desires of their children, however further studies are needed. Similarly to other reports, our study also indicated that children whose parent(s) had a relatively lower education level and/or with a low family income consumed much more SSB (17, 34) . These results may imply that low-income individuals may access SSB more easily than nutrient-dense beverages, such as milk. A different consumption status in children of parents with a lower education level may indicate the importance of the household environment in guiding healthy beverage choices. This speculation is strengthened by the significant differences in SSB consumption between urban and rural children. Contrary to our expectations, except for the 3-3·9 year old group, we did not find differences among children according to the amount of meals they ate outside the home per week. We speculate that children whose parents had a lower education level and/or with a low family income may have fewer chances to eat out, while the other children may eat out more and access SSB more easily; however, further studies are needed to investigate this further.
The types of SSB consumed by Chinese young children are different from those among American children; fruit drinks (non-100 % fruit juices) were consumed the most in America (34) , while tea beverages (42·1 %) were the most heavily consumed SSB among Chinese children. The consumption patterns of SSB between the sexes were similar; however, there were significant differences between ages and areas. From 3 to 7 years, there was a decreasing trend of tea beverage consumption along with an increasing trend of carbonated and sports/energy beverage consumption. It is known that carbonated beverages are the most heavily consumed SSB among adolescents and adults in America (34) and it may be reasonable to speculate that with ageing, carbonated beverages may become the major SSB in China; we need to take serious note of this.
Among urban children, the most consumed SSB were vegetable/fruit-flavoured drinks (30·3 %), similar to American children (34) , followed by tea beverages (29·1 %), carbonated beverages (23·4 %) and sports/energy drinks (17·2 %). However, among rural children, the most heavily consumed SSB were tea beverages, which accounted for up to 62·0 % of all the SSB consumed, followed by carbonated beverages (20·5 %), vegetable/fruit-flavoured beverages (8·9 %) and sports/energy drinks (8·6 %). Previously, we found that about 70 % of urban pupils consumed liquid dairy products frequently (more than four times per week), which was higher than rural children (22·2 %, P < 0·05); and urban children consumed an average of 206 ml liquid dairy/d compared with 44 ml liquid dairy consumed by rural children daily (P < 0·05) (35) . Disparities in urban-rural health and nutrition of children have been declining significantly from 1989 to 2006 (36) ; however, from our study, we still can see great differences between urban and rural areas regarding drink consumption. About 15 years ago, among urban children and adolescents, 86·9, 58·0, 37·0 and 16·2 % drank plain water, milk, carbonated beverages and fruit-flavoured juices during a day (37) . In 2008, 57·6, 52·5 and 50·6 % of urban children aged 8-12 years were regular consumers of tea beverages, carbonated beverages and vegetable/fruit-flavoured juices, respectively (38) . Drink consumption patterns have changed along with development and urbanisation, and also changes in the drinks industry. Vegetable/fruit-flavoured drinks and tea beverages have become the leading SSB in China nowadays; advertisements for them can be seen everywhere.
Whether SSB intake is associated with weight gain still remains controversial (7) , but our study manifested a positive result: with the increasing intake of SSB, BMI-for-age Z-scores increased and, compared with non-consumers, SSB consumers had a higher risk of being overweight or obese. Because of the high added-sugar content, low satiety and an incomplete compensatory reduction in energy intake at subsequent meals after the intake of liquid energy, SSB may lead to weight gain (12) . In addition, fructose from any sugar, or high-fructose corn syrup, has been shown to promote development of visceral adiposity and ectopic fat deposition (11) . However, until now, it is still difficult to draw a definitive conclusion as to whether SSB are significantly implicated in weight gain. Further comprehensive studies are necessary.
In spite of controversial results regarding the association between SSB intake and weight gain among young children, efforts should be made to reduce the consumption of SSB among children. By 2004, many states and school districts had adopted policies that limited access to SSB in the USA (39) ; and in March 2014, the WHO released draft guidelines with recommendations on limiting sugar intake (through food and/or beverages) to reduce public health problems such as overweight, obesity and dental caries (40) . Studies also investigated effective measures to reduce SSB consumption. For instance, it is effective to substitute water, milk or other more healthy drinks for SSB (41, 42) . Compared with schools with no vending machines, daily servings increased by 0·21 for one to three purchases per week (P = 0·0057), while 0·71 with four or more purchases (P = 0·0001) in schools with vending machines (43) ; hence, schools with less SSB exposure have fewer students consuming SSB (44) . Furthermore, a tax on SSB would have strong positive effects on reducing SSB consumption (43) . Children spend most of their time in school and efforts targeted at building a healthier school environment in China are required. The following recommendations may be helpful:
1. Children should be encouraged to replace SSB with more healthy beverages, such as water. Parents should be encouraged to provide water for their children. At school, teachers and recruited peer educators may help to decrease SSB intake.
2. Policies restricting the sale of SSB at and around school should be supported. 3. Advertising of SSB should be limited, especially on children's television channels. 4. A healthy attitude towards drinks should be promoted by the Ministry of Education and health education institutes.
Our study has comprehensively reported the SSB consumption status of young children aged 3-7 years in China and found a positive association between SSB intake and weight gain; however, several limitations should be considered. First, China covers a vast geographic area with various customs. The rural sample from two areas of Hebei Province was not a nationally representative sample. Second, important potential confounders that may have affected the results, such as physical status and television viewing time, were not available in our study.
Conclusions
In summary, the SSB consumption status of young children in China is of concern. There is great disparity of SSB intake between urban and rural areas; targeted health education is needed urgently to help children form healthy habits when consuming drinks. Efforts from family, school, government and society should be encouraged to reduce SSB consumption in children to prevent potential and actual health risks.
